Introduction
The nitrate radical, NO 3 and its reservoir species, dinitrogen pentoxide (N 2 O 5 ) are important trace gases in the regulation of both tropospheric and stratospheric ozone [1] . NO 3 is formed by reaction of ozone with NO 2 , and reacts with NO 2 to reversibly form N 2 O 5 :
(1)
In situ detection of NO 3 and N 2 O 5 in the upper troposphere lower stratosphere (UTLS) represents a new scientific direction as the only previous measurements of these species in this region of the atmosphere has been via remote sensing techniques. Because these species are potentially stratified spatially, their mixing ratios, and their influence on nitrogen oxide and ozone transport and loss at night can show large variability as a function of the altitude. Aircraft-based measurements of heterogeneous N 2 O 5 uptake in the lower atmosphere have uncovered a surprising degree of variability in the uptake coefficient [2] , but there are no corresponding measurements at high altitude. The UTLS is routinely sampled by the IAGOS-CARIBIC program (Civil Aircraft for the Regular Investigation of the atmosphere Based on an Instrument Container, www.caribic-atmospheric.com), a large scale European infrastructural program with the aim of studying global climate change, in particular the chemistry and transport across this part of the atmosphere [3] . A container ( Fig. 1) with 15 different automated instruments from 8 European research partners is currently flying on board a commercial Lufthansa aircraft A340-600 since 2005 to monitor about 100 atmospheric species (trace gases and aerosol parameters) in the ULTS. CARIBIC has already completed more than 434 flights across the globe (Fig. 2) . 
Description of the instrument
Cavity ring-down spectroscopy (CRDS) is a high sensitivity, direct absorption technique based on the measurement of the time constant for single exponential decay of light intensity leaking from a stable optical cavity [4] . Measurement of this time constant in the presence (τ) and absence (τ 0 ) of an absorbing species gives an absolute measurement of the absorption coefficient, α [cm −1 ], and, therefore, the absorber's mixing ratio, (A) [molecules.cm −3 ] as long as the absorption cross section, σ [cm 2 .molecule −1 ] and the transmission efficiency for the target compound through the inlet system, T E , are known:
Here c is the speed of light, and R L is the ratio of the cavity length to the length over which the sample is present in the cavity.
During the past decade, a large number of instruments based on cavity ring-down spectroscopy have been built and tested in different environment (both in the field and on aircrafts). The new instrument (Fig. 3) will be similar to the devices successfully deployed on NOAA aircrafts, such as ARNOLD or NOxCaRD [5] [6] [7] . The overall size, weight, and power consumption of the instrument are 590 x 500 x 448 cm 3 , 60 kg, and 320 W, respectively. The air sampled underneath the cargo bay of the aircraft is distributed inside the instrument through a dedicated inlet system (Fig 4) distributing the flow to the cavities, as described below. Each cavity is set up near the confocal geometry. The mirrors have a 1'' diameter, 0.5 m radius of curvature, and a nominal reflectivity of R=99.9995% at 662 nm and R=99.9993% at 405 nm. Dry air is continuously flushed to purge the mirrors during measurement, to maintain mirror cleanliness. The light coming out of the cavities is detected by 4 photomultiplier tubes (PMTs), and sent to the data acquisition (DAQ) system. The digitization, analysis, and the fitting of the exponential decays will all be implemented in the Labview software. The instrument has been designed to operate continuously for a duration of 50 hours (4 flights) with a time resolution of 1s. A gas flow system consisting of a pump, mass flow controllers, pressure gauges, electronic valves, and temperature controllers is used to minimize species losses and concentration fluctuations and to optimize the duty cycle and time resolution. To maintain a constant residence time within the flow systems, the DAQ software sets the different flow rates to a constant volumetric flow as the cell pressure changes with aircraft altitude. The flow rates will be around 2 slpm (standard litre per minute) for the NO 2 and O 3 cavities, and about 6-8 slpm for the NO 3 and N 2 O 5 cavities. To remove particles that can significantly contribute to the extinction measured in the cavity, the sampled air passes through a Teflon filter (PTFE, 2-μm pore size, 25 μm thick) upstream of the cavities.
All the structural parts (such as front plates), as well as the frame of the instrument, are made of Aluminium 7075. All other brackets or sheet metals are made of Aluminium 2024. An EMI/RFI electrical box has been installed to minimize the electromagnetic and radio frequency interferences. Therefore many aspects will have to be studied for the construction of the instrument.
Discussion and future work
The design of the instrument has been completed at the end of 2015, the construction is currently on-going, and the device will be tested in the lab during summer 2016. If successfully executed, the instrument is expected to be installed in the CARIBIC container during winter 2016-2017.
A preliminary estimate of the expected detection limits in the field yielded approximately 0.8 pptv (1 s) for NO 3 , 1.0 pptv (1 s) for N 2 O 5 , 25 pptv (1 s) for NO 2 , and 5 pptv (1 min) for O 3 . The main limitations include inlet transmission efficiencies, ring-down time accuracy, temperature dependence of the cross-sections, sampling rate of the DAQ system, and flow-related noise in the cavities, especially for the heated channel [5] [6] [7] [8] . The instrument is expected to deliver data between 2017 and 2020.
